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Abstract. This paper aims to present the researches carried on the sorghum (Sorghum 
vulgare Pers., sin. Sorghum bicolor (L), Moench). Based on the nutritional value relatively 
close to the other cereal beans used in man`s nourishment, the sorghum grains are on the 
future raw materials for the production of expanded cereals in the food  industry. 
The research has been performed on the simple hybrid Fundulea 21, of the crop of the 
year 2001 by achieving the most adequate physical parameters for expanding: roasting time 
(factor A), steam pressure (factor B) and steam impregnation time (factor C). 
For the assessment of the factors influence throughout several graduations, we have 
used the EVOP statistical processing method and variance method. The best outcomes 
whereby the grain volume has increased by 34,13 times, have been obtained when combining 




Sorghum is part of the species of cereals that could become raw material for expanded 
products. Sorghum for grains is especially important as it ensures very high productions, with 
a chemical content and a use value comparable to the corn grains. 
 
Table 1. Chemical composition of sorghum beans (BÂLTEANU, GH., SALONTAI, AL. şi 
colab., 1991) 
Proteic substances 11,84  % 
Starch 
75,37 % 
Fats 3,6 % 
 
Under the conditions of our country, the sorghum grains are used for feeding the 
animals, but they may also be used in the beer industry and in other branches of the food 
industry, as well as directly in the food products for humans, previously processed into flour. 
All cultivated forms of sorghum are annual and belong to the specie Sorghum vulgare 
Pers., sin. Sorghum bicolor (L), Moench. (BÂLTEANU, GH. et al. 1991). 
Currently, for the conditions of our country, simple hybrids created at I.C.C.P.T. 
Fundulea, as well as certain imported ones (France and USA) are recommended for 
cultivation. (Official list of types – 2001). 
 
MATERIAL AND METHOD 
 
1.Biological material used 
For experiment there were used 50 kg, of simple hybrid Fundulea 21, of the crop of the 
year 2001, homologated  and registered in 1979, with the following morphological and  
physiological features : the size of the plants is 90 – 125 cm, spread panicle, reddish at 
maturity, the grain is round- flat, with glumes of cream-color and MMB = 19-23 grams, MHL 
= 67 –72 kg : the type presents a good resistance at low temperatures in the stage of plantlet, 
fall and breaking, average resistance at the attack of diseases, averagely tolerant to the attack 
of aphides. (CERNEA, S. et al, 1995). 
2 .Experimental method 
Starting from the current process of obtaining the expanded product of wheat pearl 
barley, in view of manufacturing the product Pufarin, with the following factors: roasting time 
14 min, steam pressure 12 atm.  and steam impregnation time 4 min., to obtain the expanded 
products of sorghum beans, the following factors were taken under study:  
Factor A = roasting time, with the graduations: 
  a1 =12 min.; a 2 =16 min.; 
Factor B = steam pressure, with the graduations: 
  b 1 =10 atm.; b 2 =14 atm.; 
Factor C = steam impregnation time, with the graduations: 
  c1 = 3 min.; c 2 = 5 min. 
The combination the factors and the graduations had as result a tri-factorial experience, 



























The determinations for each option were made in four repetitions each.  
The sizes of the beans and the expanded products were determined with the aid of the 
sliding calipers, while the volume of the beans’ and expanded products’ mass was determined 
with a graded cylinder, with a capacity of 1000 cm 3 . 
Thus there was obtained the average volume of the beans and of the expanded products 
following the formula:  




4 Dr =pi , where:  
D = diameter of the beans and expanded products, respectively r = their radius.  
The statistical computation, respectively the operation of data was performed based on 
the method EVOP (evolutionary operation) and on the analysis of variance.  
The evolutive operation (EVOP) may be defined as a method analyzing the 
modification of the working parameters of two or more factors that condition a process and 
influence the results followed (quality, efficiency, specific consumptions etc.). ( HOLBAN, 
E., 1981). 
In our case, the quality of the examined product is the expanded beans sorghum (the 
increase in volume).  
  As to the simultaneous analysis of three factors, the scheme based on which the 
working options (Table 2.) are elaborated, is a cube (figure 1). The cube’s corners represent 
the modified options, and in the middle of the cube, there are the options of the current 
process. The central points 0 and Φ represent the parameters of the current process, the 
figures 1, 2, 3, 4, 5, 6, 7, 8 constitute the eight options (working conditions) obtained by combining 














Figure 1. Sketch of the working program in the operation for the expansion of millet beans, after EVOP 
method. 
 
Table 2. Working options under study with factors and graduations looking the expanded sorghum 
Options Factor 
A 








Factor A: roasting time, min 









































2. 211 cba  12 10 5 
3. 121 cba  12 14 3 
4. 221 cba  12 
 
14 5 
5. 112 cba  16 10 3 
6. 212 cba  16 10 5 
7. 122 cba  16 14 3 
8. 222 cba  16 14 5 
 
RESULTS AND DISCUSSIONS 
 
Following the measurements, the sizes of the sorghum beans (Sorghum vulgare L.) of 
simple hybrid Fundulea 21, both before and after expansion, are presented in table 3. 
 
Table 3 Volume of sorghum expanded products according to the time of frying, steam pressure and time of 
steam impregnation 











3 ) 1 2 3 4 1 2 3 4 
Average 
1. 111 cba  14,00 434,00 462,00 401,24 395,08 31,00 33,00 28,66 28,22 30,22 
2. 211 cba  14,00 480,20 467,60 520,00 443,52 34,30 33,40 37,14 31,68 34,13 
3.
121 cba  
14,00 421,96 380,80 334,04 330,75 30,14 27,20 23,86 23,62 26,21 
4. 
221 cba  
14,00 178,36 266,24 246,82 244,16 12,74 19,00 17,63 17,44 16,70 
Martor 






















112 cba  
14,00 398,35 386,40 379,08 428,26 28,45 27,60 27,08 30,59 28,43 
6. 
212 cba  
14,00 334,04 374,36 354,37 449,96 23,86 26,74 25,30 32,14 27,01 
7. 
122 cba  
14,00 420,00 476,00 398,35 400,82 30,00 34,00 28,45 28,63 30,27 
8. 14,00 266,24 306,60 276,35 342,42 19,00 21,90 19,74 24,46 21,28 
222 cba  
Martor 



















   23,24 
 
 
The synthesis of the results regarding the influence of the factors under study and their 
interaction, obtained in the last experimental cycle, is presented in figure 2 and in the data below:  
Limit error for averages 
………………………………………………………………… 
         ± 2,66 
The effects and errors are the following:   
Effect of roasting time 
(A)………………………………………………………………. 
5,25  ± 1,89 
Effect of steam pressure 
(B)…………………………………………………………….. 
-4,00 ± 1,89 
Effect of steam impregnation time 
(C)………………………………………………….. 
-4,39 ± 1,89 
Effect A x B (roasting time x steam 
pressure)…………………………………………... 
6,33 ± 1,89 
Effect A x C (roasting time x steam impregnation 
time)………………………………... 
1,20   
± 1,89 




Effect A x B x C (roasting time x steam pressure x impregnation 
time)………………...  





As to the average square deviation there was obtained:  






The best results, namely with the highest increase in volume following the expansion 
of the sorghum beans, were achieved in option 2, (figure 2 and table 4) where the increase in 
volume was in average of 34,13 times, and where the following parameters were used: 
roasting time 12 minutes: steam pressure 10 atmospheres, steam impregnation tine 5 minutes.   
As to the effects, if the factors taken individually have a positive influence for A (5,25±1,89), 
their interaction is positive in the following order: AxB (6,33 ± 1,89) BxC (1,20 ± 1,89), 
which shows that for expansion it is needed the action of all the three factors, in certain 
graduations. In the case of sorghum the most favorable interaction is 211 cba  (V2). 
The differences between the means of the current process 25,125 the mean of the best 
option 34,13 represent 9,005, a difference that may be assessed as more than satisfying. By 
dividing 9,005 by a new deviation (2,66) there is obtained the coefficient 3,385, which shows 
an acceptable improvement of the process.  
All these conclusions determine the decision of introducing the sorghum in 
manufacturing (the increase in volume of 34,13 times under expansion) at parameters used in 
option 2 and mentioned above, which determined a significant improvement of the process 




























Figure 2.Results of research (method EVOP) repetition 4, regarding of sorghum beans 
 
Results of research based on the computation following the method of the variance 
 
Table 4. Influence of factors: roasting time, steam pressure, steam saturation time, over the increase in 
volume upon the expansion of sorghum beans 






















111 cba  
31,00 33,0
0 









Factor A: roasting time, min 


















































































































X      26,78   
            DL (p 5%)             3,90 
       DL (p 1%)             5,31 
       DL (p 0,1%)            7,17 
CONCLUSIONS 
 -The analysis of the results presented in table 4 and figure 2 outlines the fact that the 
most significant expansion is made in option two, with the interaction a1b1c2, namely at the 
roasting time of 12 minutes, the steam pressure of 10 atmosphere and the time of 
impregnation of 5 minutes, where the difference of the increase in volume is very significant 
as compared to the average variant (X-average). 
-Satisfying results are obtained for variants one and seven when the steam pressure is of 
10 atmospheres and the time of impregnation of 5 minutes, respectively of 14 atmospheres 
and time of impregnation of 3 minutes.  
-It results that the sorghum grains may expand both at 10 atmospheres and with a longer 
time of impregnation (five minutes) and at a steam pressure of 14 atmospheres, but with a 
shorter time of impregnation (three minutes). 
-Both by EVOP method and by the analysis of the variation, in the working conditions 
of variant 2 (roasting time 12 minutes, the steam pressure 10 atm., time of impregnation 5 
min.) there resulted the higher increase in volume (34,13 times) following the process of 
expansion of the sorghum grains. At the EVOP method we made a comparison to the witness 
sample, which refers to the working conditions of the current process from the expansion of 
the pearl wheat, namely: roasting time 14 min., steam pressure 12 atm., time of impregnation 
4 min., when the increase in volume was of 25,125 times, and at the variant analysis we made 
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